Mixed-bed ion exchange (MBIE) performance to remove nitrate in surface and underground water was studied experimentally in continuous operation system under the various conditions. Data were collected using commercially available strong-base anion-exchange resin of OH-type and strong-acid cation-exchange resin of if+ type. The breakthrough curves, obtained through the continuous column system and plotted as the ratio of effluent to influent concentration versus solution volume passed through the experimental column, gave some results about the effect of the mixed-bed ion exchange. The breakthrough curves verified that the mixed-bed ion exchange showed better performance than single-bed ion exchange by using cation-to-anion resin ratio of 2:1, 1:1, and 1:2. More cation resin showed better anion exchange performance than less cation resin with same amount of anion resin in the column. The effect of system parameter such as feed concentration was added. The results of this study could be scaled up and used as a design tool for the water-purification system of the drinking water treatment processes.
Introduction
Nitrate is so toxic especially to pregnant women and infants that the USEPA and Korean standards of 10 mg NO3-N/dm3 or less in drinking water were established for the human health. Nitrate is a nutrient source for the growth-limiting factor to the causes of eutrophication. This causes a fatal damage to the sea food industries.
Nitrate removal from drinking water using ion exchange is economical and convenient and provides a suitable solution for small or medium sized water treatment plants containing comparably low nitrates level. Ion exchange is the most common process for public water supplies in the United States. Approximately 15 of these plants were operating in the United States during 1992. [1] Ion exchange systems are operated on demand, and
utilizes the beneficial selective reversal which commonly occurs upon regeneration. [2] Previously parameterc studies were performed to present nitrate removal characteristics of anion exchange resins by Yoon et al. [3] The system parameters for the study were resin type, initial nitrate concentration, volumetric flow rate, column diameter, height, and temperature using batch and continuous column systems. The breakthrough curves obtained from the continuous column gave some results; with small column diameter or long column height, with low initial feed concentration, with low volumetric flow rate, or with high solution temperature, the nitrate removal for the typical macroporous type resin increase. This paper extends the earlier research performed by Yoon et al., [3, 4] who studied the effect of system parameters on the performance of anion exchange for the nitrate removal to the mixed bed which uses ammonium as a counter ion.
2 Experimental For the mixed-bed ion exchange process, H+-type cation exchange resin of Dowex Monosphere 650C and OH--type of Dowex Monosphere 550A provided by the Dow Chemical Company were well mixed in the glass column. These resins were grouped into Type II of strong acidic and basic resins. The physicochemical properties of the resins are shown in Table 1 . 
3 Results and and Discussion The experiments were performed using continuous operation systems under the various conditions. The results of water sample analysis were described as the ratio of the effluent concentration (C) to the feed concentration(C0) vs. solution volume passed through the experimental column. The performances of single-bed and mixed-bed ion exchange were compared as a function of cation-to-anion resin ratio and column configuration, and the effect of initial feed concentration was added. Table 2 shows the experimental conditions of the The same amount of anion-exchange resin with smaller amount of cation-exchange resin produces a faster rate of hydroxide exchange than with greater amount of cation-exchange resin. This produces an aqueous phase with an alkaline pH. However, Harries [5] showed that anion exchange is faster in an acidic medium than a neutral or alkaline medium since the mass-transfer coefficient of anion is higher at low pH. Thus, anion exchange with higher cation-to-anion exchange resin ratio produces a steeper anion breakthrough curve. The experimental results in Figs. 2 and 3 show the same trends as Harries [5] claimed. The change of the (259) cation-to-anion exchange resin ratio will change the pH of the aqueous phase within the bed. Thus, cation-to-anion resin ratio of 4 g to 2g showed better nitrate breakthrough curve than that of 1 g to 2 g in Fig. 3 .
This can also be explained when we separate cation and anion beds in a column. Figure 4 shows the effect of column configuration. In this figure we have a better breakthrough curve when we pass the influent solution through cation bed first and anion bed later. This configuration makes the solution very acidic in the cation bed, and thus the higher mass-transfer coefficient of nitrate in the anion bed makes the sharper nitrate breakthrough curve. This configuration is even better than the mixed-bed for the removal of nitrate. The configuration with anion bed first and cation bed later shows a relatively broad nitrate breakthrough curve. Figure 5 shows the effect of feed concentration on the nitrate breakthrough curve. As expected, the curves in Fig. 5 indicate the steeper slope and the faster breakthrough when the concentration increases. While the initial leakage also increases with the feed concentration from 0.8x10-4N to 1.6x10-4N, it is almost constant regardless of the concentration from 1.6x10~N to 3.2x104N. The ratio of the treated solution volume, which is the left-hand side area of the breakthrough curves, agrees with the ratio of the feed concentration. Therefore, it can be said that the capacity of the resin is likely not to be changed by the variation of the initial feed concentration. 
